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Abstract
Toothpastes usually contain detergents, humectants, water, colorant,
fluoride and thickeners (e.g.: silica). Tooth wear has a multi-factorial
etiology and the use of abrasive dentifrices is related to abrasion of
dental tissues during toothbrushing. This study evaluated in vitro the
abrasiveness of a commercial silica gel low-abrasive dentifrice compared
to an experimental dentifrice containing vegetable (almond) oil. Distilled
water served as a control group. Acrylic specimens (8 per group) were
submitted to simulated toothbrushing with slurries of the commercial
dentifrice, experimental dentifrice, almond oil and water in an automatic
brushing machine programmed to 30,000 brush strokes for each
specimen, which is equivalent to 2 years of manual toothbrushing.
Thereafter, surface roughness (Ra) of the specimens was analyzed
with a Surfcorder SE 1700 profilometer. Data were analyzed
statistically by ANOVA and Tukey’s test at 5% significance level.
There was no statistically significant difference (p>0.05) in the surface
roughness after brushing with water, almond oil or experimental
dentifrice. The commercial dentifrice produced rougher surfaces
compared to the control and abrasive-free products (p<0.05). Further
studies are necessary to confirm the potential benefits of using vegetable
oil in toothpastes as an alternative to abrasives in an attempt to
minimize the tooth wear caused by toothbrushing.
Key Words:
toothpaste, dentifrice, abrasives, toothbrushing, vegetable oil, tooth
wear.
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Introduction
Toothbrushing with toothpaste is the most common form of
oral hygiene practice1, avoiding dental plaque and gingival
bleeding2. Toothpastes usually contain detergents,
humectants, water, colorant, fluoride and thickeners (e.g.:
silica). High-quality dentifrices contain silica, which is
considered as a reference abrasive for a more effective
removal of dental biofilm and stains, according to the ISO
11609:1995 standard (Dentistry-Toothpastes: Requirements,
test methods and marking)3-5.
Studies have suggested a strong correlation between tooth
wear and the cleaning power of dentifrices4. Concern has
been expressed about the wear of dental tissues and
restorative materials due to the abrasiveness of currently
available dentifrices6-8. Several authors have evaluated
surface roughness in vitro using automatic brushing
machines to simulate toothbrushing3,6,9-14.
The surface roughness resulting from toothbrushing with
abrasive toothpastes represents an important oral health
problem10. Many authors have investigated the safety and
efficacy of toothbrushes and toothpastes on hard and soft
oral tissues and have expressed concern about the multi-
factorial etiology of tooth wear and gingival recession
involving complex inter-related processes15.
A significant percentage of the population shows
considerable levels of tooth wear caused by abrasive
dentifrices, consumption of acid food and drinks and
diseases, such as asthma, diabetes and xerostomy16,17.
Patients with tooth wear present dentinal hypersensitivity,
which causes pain on toothbrushing and ingestion of cold,
hot or acid drinks, rougher dental surface, which facilitates
the adherence of dental biofilm and increases the risks of
development of caries and periodontal diseases (gingivitis
and bone loss)10. Tooth wear has complex consequences to
the patients and can require expensive treatment involving
restorative, endodontic, surgical and/or prosthetic
procedures.
Finding a substitute for abrasives in toothpaste formulation
is of ultimate importance. Vegetable oil has been used for
toothbrushing as an alternative to abrasives in dentifrice
formulation demonstrating an effective removal of dental
plaque18. A recent study has reported that an experimental
almond oil dentifrice (Titoil) with no abrasives or antiplaque
agents did not interfere with salivary flow and successfully
reduced dental plaque, improved the salivary buffer capacity
and decreased salivary S. mutans counts. More specific
studies are necessary to understand its efficacy on
toothpaste19.
Nowadays, the population has natural teeth until a more
advanced age and thus the harmful effect of toothpaste
abrasives on tooth wear is more clearly evidenced,
accentuating the problem of cervical abrasion20-21. Cervical
abrasion should be avoided by using dentifrices without
abrasives which, unfortunately, are not currently available
in the market.
The objective of this study is to evaluate in vitro  the
abrasiveness of a commercial silica gel low-abrasive dentifrice
and an experimental dentifrice containing vegetable (almond)
oil.
Material and Methods
Thirty-two acrylic rectangular specimens were prepared
following the internationally acceptable standards for
brushing tests (47x20x2mm, hardness 20; Perspex; Amari
Plastics plc, Weybridge, UK)14 and subjected to simulated
toothbrushing in an automatic brushing machine (Equilabor;
Equipamentos para Laboratório, Piracicaba, SP, Brazil),
modification of the British Standards Institution (1981): British
Standard No. 5136: Specification for Toothpastes.9 This
brushing machine has four brushing arms (Fig. 1) each one
holding two brushing heads fixed with cyanoacrylate
adhesive (Super Bonder®, Loctite, Itapevi, SP, Brazil) which
run over 8 receptacles that houses the specimens and are
filled with 12 g of slurry for the brushing test (Fig. 2). The
machine has a linear movement mechanism with 47-mm
strokes and a variable speed of 0 to 350 cycles per minute. In
this study, the specimens were subjected to a linear
toothbrush abrasion movement with a rate of 250 brush
strokes (forth and back) per minute, totalizing 30,000 brush
strokes for each specimen. Brushing abrasion run at a 200-g
load imposed by metallic weights with 32 soft-bristled
toothbrushes (Kolynos Master, Brazil) to simulate the
toothbrushing force of an adult11,12,22. Two hours of brushing
were performed in the presence of slurries (96 g) of the
following products with distilled water (1:1 w/w): a commercial
silica gel low-abrasive dentifrice (Tandy Tutti-Frutti, Kolynos
do Brasil Ltda São Paulo/); an experimental dentifrice
containing almond oil (Titoil; authors’ preparation at the
Department of Preventive and Community Dentistry, Dental
School of Araçatuba, UNESP, Brazil); and almond oil
(Drogasil, São Paulo, SP, Brazil). Distilled water served as a
control group. The toothbrushes and the slurries were
replaced at every change of specimen.
After brushing, the specimens of all four groups were cleaned
with biodegradable detergent and tap water and dried with
compressed air stream. Profilometry was employed to assess
surface roughness (Profilometre Surfcorder SE 1700; Kosaka
Laboratory Ltd., Tokyo, Japan). For each specimen,
roughness was determined as the average of 5 random
measurements made on specimen surface12,23. Data were
submitted to statistical analysis of variance (ANOVA) and
Tukey’s test for comparison of the four groups. Significance
level was set at 5%.
The brushed specimens were photographed with a camera
(Pentax 35M, lens ´0.25 magnification, Tokyo, Japan) coupled
to a stereomicroscope at ´1.6 magnification (Carl Zeiss, Jena
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GmbH, Germany)23 to illustrate the differences in surface
roughness after toothbrushing. The photographs were
analyzed qualitatively by a single observer blinded to the
groups.
Results
The average surface roughness means measured after
simulated toothbrushing of the acrylic specimens with the
tested products are presented in Table 1. Simulated
toothbrushing with the commercial silica gel low-abrasive
dentifrice produced statistically significant rougher surfaces
(p<0.05) compared to the other tested substances: water,
almond oil and almond oil experimental dentifrice. However,
water almond oil and almond oil experimental dentifrice did
not differ significantly from each other (p>0.05).
Similar findings were obtained in the qualitative analysis.
The examination of photographs of 4 specimens, one from
each group, revealed that the specimen brushed with the
commercial dentifrice presented significantly deeper grooves
than the specimens brushed with water, almond oil or almond
oil experimental dentifrice, which, in turn, produced grooves
of similar depths on the acrylic specimens.
Substance Mean ± SD
Distilled water (control; n=8) 0.07 ± 0.02b
Titoil (n=8) 0.07 ± 0.02b
Almond Oil (n=8) 0.10 ± 0.06b
Commercial dentifrice (n=8) 1.85 ± 1.22a
Different letters indicate statistically significant difference at 5%
(ANOVA and Tukey’s test). SD= standard deviation.
Table 1. Average surface roughness (Ra; µm) measured after
simulated toothbrushing of the acrylic specimens with the
tested products.
Discussion
The use of an almond oil-containing dentifrice for
toothbrushing in this study was motivated by the promising
results of previous laboratorial and clinical studies that used
almond oil as a substitute of abrasives in dentifrices, reducing
dental plaque and S. mutans counts and improving saliva
flow and buffer capacity18,19. The findings of these
investigations disagree with those of studies that relate the
cleaning potential of dentifrices with the amount of abrasives
present in their formulation3,6.  97929486
The goal of this study was to evaluate comparatively the
abrasiveness of a commercial low-abrasive dentifrice and an
almond oil-based experimental dentifrice after simulated
toothbrushing by the analysis of the surface roughness on
acrylic blocks. The commercial dentifrice used in this study
contains silica, which is a reference standard for abrasiveness
assays and is representative of high-quality dentifrice
formulations5.
Statistical analysis of post-toothbrushing roughness data
by ANOVA and Tukey’s test11,12,23 showed that the
commercial silica gel low-abrasive dentifrice produced
rougher surfaces than the almond oil-based products. In this
first study combining simulated toothbrushing and surface
roughness analysis, almond oil and the almond oil-containing
dentifrice (Titoil) had similar abrasiveness. In addition, both
substances produced similar surface roughness as that of
water (control), confirming that almond oil is not an abrasive
agent.
In order to establish the depth of loss, further studies on
toothpaste abrasion during toothbrushing should include
the surface roughness profile on the specimen before and
after brushing12,24,25. This is one of the limitations of this
study, since differences between final and initial surface
roughness may have influenced significantly the results.
The brushing machine and acrylic specimens used in the
present study were selected as they have been used in several
studies that evaluated toothpaste abrasion due to their high
degree of standardization and reproducibility5,10-12,14,23. More
recent methods for in vitro surface roughness testing have
involved other substrates, such as enamel and dentin, for
conducting the experiments24. In situ studies on toothpaste
abrasion have also been conducted with the placement of
enamel blocks in intraoral appliances or denture teeth. The
enamel specimens are in contact with saliva where
remineralization processes are well established25. The
substances tested in vitro in this study may not cause the
same surface roughness after toothbrushing on enamel,
dentin, restorative material and prostheses when patients
are performing oral hygiene.
This study tested four different substances with the same
standard toothbrushes showing that the different surface
roughness values were produced by the different slurries.
This result demonstrate that the toothbrushes per se are not
responsible for tooth wear, but the dentifrices have a direct
participation22,26.
Fig. 1 - Automatic brushing machine
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Fig. 2 - Specimens fixed on the machine’s receptacles
Fig. 3 - Grooves produced by water
Fig. 4 - Grooves produced by almond oil
The results of the present study showed that after
toothbrushing with a commercial dentifrice containing silica
there was significantly more surface roughness compared to
brushing with almond oil substances, which agree with
previous investigations that demonstrated that abrasive
toothpastes can be potentially harmful, causing tooth wear
and abrasion of restorations and prostheses5,10.
Photographs with a stereomicroscope have been used
elsewhere for analysis of surface roughness22,26. In the
present study, the photographs showed deeper grooves after
simulated toothbrushing with the commercial dentifrice (Fig.
6) compared to brushing with water, almond oil or almond
oil-containing dentifrice (Figs. 3-5). These results are
consistent with the higher surface roughness values recorded
with the profilometer in the specimens brushed with the
commercial dentifrice.
Further studies are necessary to confirm the potential
benefits of using vegetable oil in dentifrice formulations as
an alternative to the addition of abrasives in an attempt to
improve the efficacy of toothbrushing in oral hygiene and
minimize or perhaps avoid negative side effects such as tooth
wear.
In conclusion, there was no significant difference in the
Fig. 6 - Grooves produced by the commercial low-abrasive dentifrice
(Tandy)
Fig. 5 - Grooves produced by the experimental dentifrice containing
vegetable oil (Titoil)
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surface roughness means produced by Titoil, almond oil or
water (control), which, however, were significantly lower than
the one produced by the commercial silica gel low-abrasive
dentifrice.
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